The highly polymorphic B-G antigens are considered to be part of the major histocompatibility complex 
long cytoplasmic tails. Sequence diversity among the five transcript types was found in all domains, notably including the B-G immunoglobulin V-like domains. The cytoplasmic tails of the B-G antigens are made up entirely of units of seven amino acid residues (heptads) that are typical of an a-helical coiled-coil conformation. The heptads vary in number and sequence between the different transcripts. The presence within B-G polypeptides of polymorphic immunoglobulin V-like domains warrants further investigations to determine the degree and nature of variability within this domain in these unusual MHC antigens.
An unusual class of highly polymorphic cell surface antigens are encoded within the major histocompatibility complex (MHC) of the chicken, the B system of histocompatibility. These antigens, the B-G antigens, were first recognized as part of the B blood group system (1, 2), a gene region that was later shown to also encode the MHC class I and class II antigens of the chicken (3) (4) (5) . The presence of a third class of highly polymorphic antigens within the B system is an enigmatic departure from the organization of major histocompatibility complexes as known from the study of mammals (6) .
Attempts to define a function for the B-G antigens have been limited to experiments focused on their expression on erythrocytes. In this context, B-G antigens have been shown to have an adjuvant activity in humoral responses to the B system class I antigens (7) and to antigens of other blood group systems (8) . The recent finding that B-G-like antigens are expressed on cells in other tissues opens additional avenues of investigation that may be useful in determining B-G antigen function (9, 40, 41) .
The polymorphism of the B-G antigens is evident at the level of polypeptide structure and gene organization, as well as in their alloantigenicity. Not only do B-G polypeptides form a major component of the array of antigens responded to in the alloimmunizations that have defined over 27 B haplotypes (10, 11) , they also exhibit surprising variability in molecular mass and isoelectric point (9, 12, 13) . B-G polypeptides, including those expressed in nonerythroid tissues (9) and erythrocytic B-G in some haplotypes (14) , vary (20) and size-fractionated on a sucrose gradient (21) to remove hemoglobin message. B-G mRNA from B2' erythroid cells is -2 kilobases (kb). AZAP II (Stratagene) cDNA libraries were constructed by the manufacturer's protocol. Approximately 105 recombinant clones in an unamplified library (inserts of >1 kb) were screened with a mixture of random-primed bg28 and bg32. 1 (22) . These are nonoverlapping partial B-G cDNA clones (17, 18) and now known to correspond to 5' and 3' portions of full-length clones. Phagemids were excised from 23 clones and the 13 longest (1.2-3.0 kb) were further analyzed.
Nucleotide Sequencing. Purified phagemid DNA (23, 24) was sequenced using Sequenase version 2.0 (United States Biochemical). For five clones, bgl4, bg3, bgl7, bgll and bg8, full sequence determinations were made on both strands by using a combination of subcloning and oligonucleotide prim- 
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ing (Fig. 1) script type IV) in Figs. 1 and 2. Clone bgll/4 signifies the fusion of sequences from two clones. bgll, which contains a 345-base-pair unprocessed intron, was found to lack 153 base pairs at the 3' end. For convenience in describing the entire transcript type IV, the portion missing from bgll was fully sequenced in bg4 and appended to bgll to provide a full sequence, the intron sequence was removed, and hence bgll/4. Evidence for a fifth transcript type was found in a 1.2-kb clone that, although lacking EcoRI sites, appears more similar to bgl4/8 than to bgll in the portion of sequence determined. Because this clone was less than full-length and contained an unprocessed intron and a very long poly(A) tail, it was not further analyzed. In summary, a total of five B-G transcripts were identified among the longest cDNA clones obtained in screening an embryonic erythroid cell cDNA library of B2' haplotype. Representatives of four of these transcript types, as well as a 3-kb clone of transcript type I, were entirely sequenced in both strands.
Comparison of the Sequences of bg14/8, bg3, bgl7, and bgll/4. The sequences of bgl4/8, bg3, bgl7 and bgll/4 have been aligned using the nucleotide sequences only at the 5' and 3' untranslated regions and only the amino acid sequences over the entire length of the open reading frames (Fig. 2) . Kozak (26) . Farther upstream, the sequences of the three clones diverge. While that of bgll/4 shows only minor differences from bgl4/8, the 5'-most portion of bg3 is highly dissimilar.
Signal peptide. The three signal-peptide sequences are identical except for a single residue difference (27) . Extracellular domain. The limits of the B-G extracellular domain are defined by the signal peptide and the putative transmembrane domain. Within this region clones bgl4/8 and bg3 are identical; however, multiple amino acid substitutions are present within the sequences of bgll/4 and bgl7. In database searches (GenBank, EMBL, September 1990) for sequence similarities, statistically significant matches were found between this portion of the predicted B-G sequence and the immunoglobulin domains of members of the immunoglobulin superfamily. In Table 1 are examples of the ALIGN scores obtained in comparisons between the B-G extracellular domain (that of bgl4/8 is illustrated) and the immunoglobulin domains of immunoglobulin superfamily members of the three homology unit types, V, C, and H (33) . The basis of these highly significant alignment scores is shown in Fig. 3 . The majority of the features that define immunoglobulin V homology units (33) are found within the B-G extracellular domain sequence. Included are appropriately spaced cysteine residues (residues 57 and 129) and a tryptophan (residue 72) 11-15 residues proximal to the distal cysteine, features common to all immunoglobulin homology units. The features that further define the B-G extracellular domain to be ofthe V-unit type are the wide spacing of the cysteine residues, the Tyr-Xaa-Cys configuration at the proximal cysteine, and the presence of amino acid residues with the appropriate physical properties that further define the V unit. Additional cysteine residues are found near the distal end of the extracellular domains, one in both bgl4/8 and bg3, and two in bgll/4 (Fig. 2) . Immunology: Miller et al. atccgctcgagctctctcctsctacagtttctgccctcatattctccccacacttc.
-aa-gaaga--t-agg-tcc-tccataaa-gc-atcagtttg-----a -t-c-gcagagtccttcctctctctccctaaattcttccC ctcctcttctccagcacag
Amino Acid Sequence of Predicted Membrane Spanning Region and Associated Connecting Segments (aal49-182) Membrane-spanning region and associated connecting segments. A single membrane-spanning domain is predicted in the sequence of each clone (34) .
bg3 ----------------------------------------------------------------------bgll/4 A-----------A-A-LDEIS GLSAEN-KQL-SKL NENADEV EDCNSE

-S-VA---E---K--EYIAVN RMRNV--bgl7 --------G---A-A-LPAI-GVCT-N-KIL-SKL MKQMEK-EIQNSL-KKRYEIT -ELAAD-EEHLA-
K DLSTA---L---R-.
bgl4/8 ERLAAKL EHQTKEL EKQHSQF QRHFQNM YLSAGKQ KKMVTKL EEHCEWM VRRNVKL EIPAVKV GQQAKES EEQKSEL KEHHEET GQQAKES EKQKSEL bg3 ----------------------------------------------------------------------bgll/4 NNI1----AQ------------H----R-D---VN---L-------F---E-----------IL --------R-------R---M AE-TEAV VVDTE-A bgl7 VEQREAV -ERDSQ-R--YEKL GSRATNL KTQLK-L ENEIEEV -K-LKKI GI-APN-KLHMAEL VD--EAV -KR-----SYLTNI -LR-AEL K-YIAA-
-----------------------------------------------------------------------------------------------------.t-------bgl1/4 ..a----------------------------------------------------
---a-a----------------------------ctgcag---------g---gc--cat-g-c--
---------agcaaggaaatccacagcga-aac-a---------------------------------------------------------------------a--c---g----gcaagcaaggaaatccacacggg-aac-a -----------------a------------------------ca-----c----------------ag-a--cgagggtgtgcgacctccaactcaaagccaattggaagaaagaaaccatagaaaggaagaaaaggggaggaagacagagatcctggaagagatatgggcatttggggaaat _____________-________________________________________________________________________________________________ ----------t--------tt------t---g ------------c----------a-----ct-caa ----------------------a--gg-ca-a-----t -----tg agtgtgaccatgtatcagg-tttgtggacatctaaegaatatgtcatgtttttc-gtaatacaag-atgcacgagaaacaaagggag-aaactgctttgggtgttag-ac ---------------------g9-------------------------------------------------t------------t-----------------
Cytoplasmic region. The four clones diverge greatly in the cytoplasmic region both in sequence and in the total number of predicted residues. The predicted amino acid sequences are presented in units of7 amino acids (heptads) to emphasize the pattern of this portion of the predicted sequences (Fig. 2) . There is a hydrophobic residue, often leucine, at nearly every seventh position. The perception that heptad units are the (28) 2.31 Domains were defined as described (32) . Sequences were taken from original publications as indicated by reference notation or from the Protein Identification Resource (National Biomedical Research Foundation) using the name provided in parentheses. Alignment (SD unit) scores above 3.00 indicate significant homology. Scores were determined using PCOMPARE (IntelliGenetics) with bias and gap penalties set at 60 and 100 random permutations. basic unit of this region is supported by the sequence of bg8, where three of the nine unprocessed introns were found to delineate two 21-nucleotide exons (Fig. 1) . The heptad motif is typical of proteins that form a-helical coiled-coil structures (35, 36) . Both perfect and imperfect repeats can be found within a single clone, as illustrated by a portion of the bgl4/8 sequence where GQQAKES EEQKSEL KEHHEET is followed by GQQAKES EKQKSEL KERHEEM. Identical heptad units may occur in the different clones. These may be "in register" as occurs near the distal end of the intracellular domain or offset as seen in the necessity of introducing a 14-residue gap in the bgll/4 and bgl7 sequences in Fig. 2 to maintain optimal alignment of the four sequences. Similar patterns are evident in comparisons of these sequences with B-G sequences described earlier in B'9 (15).
The 3' untranslated region. The 3' ends of the five clones (Fig. 2) are highly similar except in discrete regions where the clones appear to form two different groups. Clones bgl4/8 and bg3 contain sequences immediately adjacent to the stop codon that are not present in bgll/4 or bgl7. Then, at a short interval more 3', the bgll/4 and bgl7 clones contain segments of 20 bases not present in bgl4/8 and bg3. Each clone terminates at a slightly different point with a poly(A) tail following a single polyadenylylation signal.
Correspondence Between B-G Predicted Sequences and CNBr Peptides. In order to determine whether cDNA clones isolated in this study correspond to the B-G antigens expressed on erythrocytes, CNBr peptides were prepared from the B-G antigens expressed on the surfaces of erythrocytes of adult birds of B2' haplotype and subjected to microsequenc- (38) : a portion of the crude mixture of CNBr peptides was sequenced for 20 cycles. The chromatograms indicated several sequences were present, as expected, and also that a proline residue was present at cycle 10. A second portion of the same mixture was then resequenced, but after the ninth round of degradation (when the cycle 10 proline was N-terminal), the sequencer was paused and the filter was exposed to o-phthalaldehyde, blocking the primary amino groups. Normal sequencing was then continued until the sequence could no longer be assigned (about 17 cycles).
The sequences of the CNBr peptides that could be produced by the deduced polypeptide sequences of the four sequenced cDNA clones were compared with the sequences of peptides 1 and 2. The inherent similarities in the B-G polypeptides are such that CNBr peptides are not ideal for distinguishing among different gene products. In spite of this, the sequence of peptide 1 agrees well with the expected sequence of a region of bgll/4 (see heptads 11 and 12 in Fig.  2 ). Peptide 2 aligns well with both bgl4/8 (or bg3) and bgll/4 (see heptads [23] [24] [25] , since both lysine and isoleucine are found at residue 4 and valine and leucine at residue 5. Thus it is clear that the cDNA clones encode polypeptides highly similar to the B-G antigens expressed at the erythrocyte surface. Whether the same genes are expressed in both embryonic and adult animals remains to be determined, since there are 4 mismatches among the 29 residues, only 2 of which are at positions corresponding to tentatively assigned residues in the peptide sequences. In bgl7, the equivalent CNBr site, a methionine in heptad 21, is missing and so bgl7 sequence would not contribute to the sequence obtained by the o-phthalaldehyde method and peptides originating from bgl7 transcripts could not be verified. With these data it is possible to conclude that the B-G polypeptides expressed at the surfaces of erythrocytes of adult birds are either highly similar or identical to the transcripts most commonly expressed in the embryonic erythroid cells, i.e., types I (bgl4/8) or II (bg3) and IV (bgll/4). DISCUSSION This study has provided evidence that part of the polymorphism observed in the B-G antigens residues in the B-G extracellular domain, a domain that resembles immunoglobulin domains of the V-region type and by virtue of its extracellular position must bear the allogeneic epitopes of the B-G antigens. The B-G antigens are exceptional immunoglobulin superfamily members in that sequence variability occurs within the immunoglobulin domain. While the full extent of variability within the immunoglobulin-like domain of different B-G antigens (and, for that matter, the rest of the * * * * * **** * *** ** * * *** * ** V Motif Variability among the B-G antigens that is evident in gel analyses of the B-G polypeptides rests largely in the highly variable intracellular domains. It is now evident that the entire intracellular portion of the B-G polypeptides is made up of heptad repeats typical of an a-helical coiled-coil motif. The total number of heptads varies between clones. The variation from 27 to 31 heptads is as would be expected for the B-G polypeptides expressed on erythrocytes in this genotype. Other clones from the intestinal epithelium show a greater variability in the total number of heptads in the cytoplasmic tails (M.M.M., Q.-Y. Xu, J.C., and R.G., unpublished data), in agreement with their correspondingly greater variation in size (9) . It will be some time before it is known whether the entire range of variability in the cytoplasmic tails of the B-G antigens is directly encoded in the multiple genes within the B-G subregion or whether other mechanisms such as alternative splicing or more complex events in gene expression introduce the variability observed in cDNA clones and in the B-G polypeptides. It is clear, however, that the B-G genes are numerous and in sufficient number to encode the distinct B-G messages encountered so far in the study of the B-G2' haplotype.
Studies with various gel electrophoretic methods have suggested that the B-G antigens exist in the native state as disulfide-linked dimers, most often homodimers (14, 39) . The cysteine residues in the extracellular domain, in addition to the two that presumably form the immunoglobulin-domain bridge, apparently participate in crosslinking the individual polypeptides in dimers. Given the a-helical coiled-coil motif of the cytoplasmic tail sequences, it is likely that the polypeptides coil together to form a stable fibrous cytoplasmic tail. With this information it is possible to compose a model of the B-G dimers that illustrates the immunoglobulin domain structure of the antigens and the fibrous cytoplasmic tails (Fig. 4) .
